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AN ABSORBING ROD, 
AN APPARATUS FOR INSERTING THE ABSORBING ROD, A CASK, 
AND A METHOD OF STORING SPENT FUEL ASSEMBLIES 



FIELD OF THE INVENTION 

The present invention relates to an absorbing rod 
having a neutron absorbing capability to be inserted into 
a control rod guide pipe of spent fuel assemblies, an 
inserting apparatus for inserting the absorbing rod into the 
control rod guide pipe, a cask for containing, conveying and 
storing the spent fuel assemblies, and a conveying and 
storing method of spent fuel assemblies. 

BACKGROUND OF THE INVENTION 

Fuel assemblies consumed and no longer usable in a 
terminal stage of fuel cycle are called spent fuels. Spent 
fuels contain fission products and other highly radioactive 
substances, and must be cooled thermally, and hence they are 
cooled for a specific period in a cooling pit at a nuclear 
power plant. Then they are transferred into a shielding 
container called cask, and conveyed and stored at 
reprocessing plant or storage facility by means of truck or 
ship. When transferring the spent fuel assemblies into the 
cask, a holding element having a lattice section called 
basket is used. Each one of the spent fuel assemblies is 



put into each of the cells formed as plural storing spaces 
in the basket, and a proper holding strength to withstand 
vibration during transportation is assured. 

Various types of casks are disclosed in publications 
such as "Atomic Eye" (Nikkan Kogyo Shuppan Production, April 
1, 1998) and Japanese Patent Application Laid-open No. 
62-242725 . 

Fig. 13 is a perspective view of an example of a cask. 
Fig . 14 is an axial direction sectional view of the cask shown 
in Fig. 13. A cask 500 is composed of a shell main body 501, 
a resin 502 which is a neutron shield provided on the outer 
circumference of the shell main body 501 , its outer tube 503 , 
bottom 504 and lid 505. The shell main body 501 and bottom 

504 are carbon steel forged parts which are gamma-ray 
shielding materials. The lid 505 is composed of a primary 
lid 506 and a secondary lid 507 made of stainless steel or 
the like. The shell main body 501 and bottom 504 are bonded 
by butt welding. The primary lid 506 and secondary lid 507 
are fixed to the shell main body 501 by means of stainless 
steel bolts. A metal 0-ring is interposed between the lid 

505 and shell main body 501 , and the inside is kept airtight. 

Many inner fins 508 are provided, between the shell 
main body 501 and outer tube 503, for" heat conduction. The 
inner fins 508 are made of copper in order to enhance the 
heat conduction efficiency. The resin 502 is injected into 



the space formed by the inner fins 508 in fluid state, and 
is solidified by thermosetting reaction or the like. A 
basket 509 is a bundle structure of 69 square pipes 510 as 
shown in Fig. 14, and is inserted into a cavity 511 in the 
shell main body 501. 

The square pipes 510 are made of aluminum alloy mixing 
neutron absorbing material (boron: B) so that the inserted 
spent fuel assemblies may not reach the criticality . At both 
sides of the cask main body 512, moreover, a trunnion 513 
(only one is shown) for suspending the cask 500. At both 
ends of the cask main body 512, a buffer materials 514 
assembling wood or other shock-absorbing materials are 
provided (only one side is shown) . Reference numeral 515 
is a cell for accommodating the spent fuel assemblies. 

The light-water type reactor is classified into the 
boiling water reactor (BWR) and pressurized water reactor 
(PWR) . This cask 500 is the cask for storing the spent fuel 
assemblies used in BWR. The structure of the fuel assembly 
for BWR is shown in Fig. 15. The fuel assembly for BWR has 
four channel boxes 601 arranged in lattice, and a cross- 
shaped control rod 608 is located in the central area, and 
the reactivity of fuel rods 603 is controlled by the vertical 
move of the control rod 608. 

The fuel assembly 600 has 8x8 fuel rods 603 arranged 
in lattice . Each fuel rod 603 is a long bar of about 4 meters . 



A support lattice 607 is provided for supporting the fuel 
rod 603. In each fuel rod 603 , plural columnar pellets 631 
formed by sintering powder of uranium oxide are inserted as 
fuel into a cylindrical clad pipe 633 composed of zirconium 
alloy, and held by a spring 632 inserted in the upper part 
of the clad pipe 633. A handle 610 is used for lifting up 
and down the fuel assembly 600. The spent fuel assembly 
inserted in the cell 515 in this cask 500 is a fuel assembly 
for BWR 600 shown in Fig. 15. 

By contrast, the fuel assembly shown in Fig. 16 is used 
in PWR. In this fuel assembly for PWR 700, control rods 708 
are properly distributed among fuel rods 703, and the fuel 
rods 703 and control rods 708 are arranged in 17 x 17 lattice 
form. In this 17 x 17 fuel assembly 700, one measuring pipe 
is disposed in the center, and 24 control rods 708 are 
distributed . 

The reactivity of the core can be controlled by moving 
the control rod 708 up or down. Each fuel rod 703 is a long 
bar of about 4 meters same as the fuel rod 603 for BWR, and 
hence a support lattice 707 for supporting the fuel rod 703 
is provided. In each fuel rod 703, plural pellets 731 are 
inserted into a cylindrical clad pipe 733 composed of 
zirconium alloy, and held by a spring 732 inserted in the 
upper part of the clad pipe 733. In this cask, 70 units of 
spent fuel assemblies are contained in the cell. 



Fig. 17 is an axial direction sectional view of the 
cask for PWR. As shown in Fig. 17, a cavity 811 of a cask 
800 for PWR contains a basket 809 forming a cell 815 of 
rectangular section by alternately combining plates 817 
extending in the radial direction. Each plate 817 is 
composed of aluminum alloy mixing B as neutron absorbing 
material, same as the square pipes 510 for BWR. 

However, each plate 817 has a through-hole of cooling 
water passage 816 extending in the axial direction, known 
as water zone, and when cooling the spent fuel assemblies, 
each basket cell and this through-hole are filled with water 
to moderate neutrons, so that the neutrons may be absorbed 
efficiently by the plates 817 and the resin 802. The water 
filling the cooling water passage 816 is discharged after 
a specified cooling period, and the passage is dried. 

This cooling water passage 816 is required because the 
uranium enrichment factor of fuel assembly for PWR is higher 
than that of the fuel assembly for BWR, the uranium charging 
amount per fuel assembly is larger, the sectional area of 
the fuel assembly is wider, and hence the reactivity is higher 
in the system arranging these assemblies. The distance dd 
shown in Fig. 17 is such a distance that it assures the 
subcriticality of the spent fuel assembly. The distance dd 
for PWR is required to be longer than the same for BWR. The 
cells 815 are not arranged in lattice but are deviated in 



position, which is intended to dispose the spent fuel 
assemblies for PWR, having a wider sectional area as compared 
with the spent fuel assemblies for BWR, efficiently in the 
cavity 811. 

In the spent fuel assemblies for PWR mentioned above, 
the control rods 708 distributed among the fuel rods 703 
arranged in lattice are extracted, and the spent fuel 
assemblies 700 from which the control rods 708 are extracted 
are inserted and stored in the cells 815 formed by the basket 
809 in the cask 800. 

Therefore, the vacancies left over by the extracted 
control rods 708 or measuring rod, not shown, in the spent 
fuel assemblies are dead spaces, and it is desired to utilize 
these spaces effectively. 

Further, the plates or square pipes for forming the 
basket for PWR are required to form the cooling water passage 
816, and formation of plates or square pipes is more 
complicated as compared with formation of plates or square 
pipes for BWR, and it takes much time and labor. 

Besides, the sectional area of the spent fuel 
assemblies for PWR is rectangular and wide, and also the 
cooling water passage 816 is needed, and hence the 
accommodation efficiency of the spent fuels in the cask is 



It is an object of the present invention to provide 
an absorbing rod capable of heightening the accommodation 
density of spent fuel assemblies, by effectively utilizing 
the control rod inserting space and measuring .rod inserting 
space existing in the spent fuel assemblies for PWR and 
shortening the distance dd for assuring the subcr iticality 
among the spent fuel assemblies, its inserting apparatus, 
cask, and conveying and storing method of spent fuel 
assemblies . 

The absorbing rod according to one aspect of this 
invention has nearly the same shape as the shape of a columnar 
control rod for PWR. Further, the absorbing rod has the 
ability to shield the neutrons . Since the absorbing rod has 
nearly the same shape as the shape of the columnar control 
rod for PWR, this absorbing rod can be inserted into the 
control rod guide pipe of spent fuel assemblies or the control 
rod guide pipe including the measuring pipe. 

The absorbing rod according to another aspect of this 
invention is made of aluminum composite material or aluminum 
alloy formed by adding powder of boron or boron compound 
having a neutron absorbing performance to aluminum or 
aluminum alloy powder. Since the absorbing rod is made of 
such material, it does not get damaged by minor shocks during 
transportation. As a consequence, it is possible to 



maintain the neutron absorbing ability even during transport. 
For example, it is much safer and therefore preferable than 
an absorbing rod having a structure in which boron powder 
is filled inside a pipe. 

The cask according to still another aspect of this 
invention comprises an absorbing rod group having nearly the 
same shape as the shape of a columnar control rod for PWR. 
Further, the absorbing rod group has the ability to shield 
the neutrons. The spent fuel assemblies is stored in the 
cask. Accordingly, the number of neutrons radiated from the 
spent fuel assemblies can be decreased. Further, the 
spacing between the spent fuel assemblies can be shortened. 

The inserting apparatus according to still another 
aspect of this invention comprises a position detection unit 
which detects the distance between a through-hole group of 
the guide member and the control rod guide pipe group of the 
spent fuel assemblies, and their relative positions are 
adjusted accordingly. Further, the absorbing rod block is 
lowered so that the through-hole group acts as a guide hole, 
and the long absorbing rod group can be inserted securely 
into the control rod guide pipe or the control rod guide pipe 
including the measuring pipe. 

The conveying and storing method of spent fuel 
assemblies according to still another aspect of this 
invention comprises a step of inserting an absorbing rod 



group having a nearly same shape as the shape of a columnar 
control rod for PWR used in reactivity control of core in 
a reactor, and having a neutron shielding capability, into 
a control rod guide pipe group including a measuring pipe 
of spent fuel assemblies for PWR. Further, the spent fuel 
assemblies for PWR are conveyed and stored in a state in which 
the absorbing rod group is inserted. Accordingly, the 
distance between spent fuel assemblies can be shortened. 

Other objects and features of this invention will 
become apparent from the following description with 
reference to the accompanying drawings . 

BRIEF DESCRIPTIO N OF THF. DRAWTNHR 

Fig. 1 is a perspective view which shows the structure 
of a spent fuel assembly for PWR. 

Fig. 2 is a diagram which shows the structure of an 
absorbing rod block to be inserted in the spent fuel assembly 
and also explains how the absorbing rod block inserted in 
the spent fuel assembly. 

Fig. 3 is a plan of the spent fuel assembly. 

Fig. 4 is a sectional view along line A-A of support 
lattice . 

Fig. 5 is a diagram showing a structure of a fuel rod. 
Fig. 6 is a radial direction sectional view which shows 
the structure of a cask according to the present invention. 



Fig. 7 is a diagram which shows the structure of an 
inserting apparatus according to the present invention. 

Fig. 8 is a sectional view along line B-B of a lower 
end plate. 

5 Fig. 9A to Fig. 9C are examples of the photographed 

images . 

Fig. 10 is a diagram which shows the inserting 
apparatus right after completion of insertion. 

Fig. 11 is a diagram which shows the structure of spent 
10 fuel assembly after completion of insertion and a structure 
of a suspender. 

Fig. 12 is a schematic diagram which shows storage 
configuration of spent fuel assemblies in a storage pool. 

Fig. 13 is a perspective view showing a structure of 
15 a cask for BWR. 

Fig. 14 is a radial direction sectional view which 
shows the structure of the cask shown in Fig. 13. 

Fig. 15 is a diagram showing a structure of a fuel 
assembly for BWR. 
20 Fig. 16 is a diagram showing a structure of a fuel 

assembly for PWR. 

Fig. 17 is a radial direction sectional view which 
shows structure of a conventional cask for PWR. 



25 DESCRIPTION OF THE PREFERRED EMBODIMENTS 



10 



Preferred embodiments of the absorbing rod, the 
inserting apparatus (apparatus for inserting the absorbing 
rod) , the cask, and the method of conveying and storing the 
spent fuel assemblies according to the invention are 
5 explained in detail below while referring to the accompanied 
drawings. However, this invention is not limited only to 
these embodiments . 

A spent fuel assembly conforming to the invention is 
explained in the first place. Fig. 1 is a perspective view 

10 showing a general view of a spent fuel assembly for PWR. As 
shown in Fig. 1, a fuel assembly 1, which is a spent fuel 
assembly, is formed as a lattice bundling of fuel rods 4, 
control rod guide pipes 5, and measuring pipes 6, being 
arranged in a matrix section of 14 x 14. This matrix 

15 arrangement is supported by support lattices 7 provided at 
proper positions in the longitudinal direction of the fuel 
rods 4, control rod guide pipes 5, and measuring pipes 6. 
The control rod guide pipes 5 and measuring pipes 6 are 
supported by an upper nozzle 2 and a lower nozzle 3. 

20 That is, the control rod guide pipes 5 and measuring 

pipes 6 are cylindrical in shape, and held by through-holes 
between the upper nozzle 2 and lower nozzle 3 provided 
corresponding to the matrix arrangement positions of the 
control rod guide pipes 5 and measuring pipes 6. In the 

25 control rod guide pipes 5, control rods having a neutron 



absorbing capability in the reactor are inserted, and the 
reactivity of the core is controlled by the number and depth 
of insertion of control rods. The control rod guide pipes 
5 are dispersed on the matrix arrangement. In the measuring 
5 pipes 6, measuring rods not shown in the drawing are inserted 
periodically in the reactor for measuring the temperature 
and radiation dose, and the information for core management 
is obtained. However, when stored as spent fuel assembly, 
the control rods inserted in the control rod guide pipes 5 

10 are extracted, and similarly measuring rods are extracted 
from the measuring pipes 6. 

Accordingly, as shown in Fig. 2, plural absorbing rods 
11 having the same columnar shape as the control rods and 
measuring rods to be inserted in the control rod guide pipes 

15 5 and measuring pipes 6 and having a neutron absorbing 
capability are newly prepared, and these absorbing rods are 
inserted into the control rod guide pipes 5 and measuring 
pipes 6 of the fuel assembly 1. One end of each absorbing 
rod 11 is bonded to an end plate 12 which is a rectangular 

20 plate member to be inserted inside from the upper opening 
of the upper nozzle 2, and the other end is formed in a taper, 
so as to be inserted easily into the control rod guide pipes 
5 and measuring pipes 6 . 

The length of the absorbing rod 11 is long enough to 

25 envelop the effective length of the fuel. The radius of the 



absorbing rod 11 is less then the inside diameter of the 
control rod guide pipe 5 and measuring pipe 6, and is 
preferred to be closer to the inside diameter of the control 
rod guide pipe 5 and measuring pipe 6 as far as possible, 
but a certain clearance is required considering the length 
of about 4 meters . 

Fig. 3 is a plan of the fuel assembly 1 shown in Fig. 
2. The upper nozzle 2 shown in Fig. 3 corresponds to the 
matrix arrangement, in which the control rod guide pipes 5 
and measuring pipes 6 are disposed. There are plural 
through-holes for light water passages 21 in the reactor. 
The absorbing rod 11 is penetrating through the control rod 
guide pipe 5 and measuring pipe 6. 

Fig. 4 is a sectional view along line A-A of support 
lattice 7 of the fuel assembly 1 shown in Fig. 2 . The support 
lattice 7 supports the lattice state of 14 x 14 consisting 
of fuel rods 4, control rod guide pipes 5 and measuring pipes 
6. The absorbing rods 11 penetrate through the control rod 
guide pipes 5 and measuring pipes 6 of the support lattice 
7 shown in Fig. 4. 

Therefore, the end plate 12 shown in Fig. 2 is bonded 
with the absorbing rod 11 so that the absorbing rod 11 may 
be held in the state inserted in the control rod guide pipe 
5 and measuring pipe 6. By using an absorbing rod block 10 
formed by boding plural absorbing rods 11 and end plates 12, 
13 



a plurality of absorbing rods 11 can be inserted in batch 
into the control rod guide pipes 5 and measuring pipes 6 . 
Alternatively, instead of bonding the absorbing rods 11 by 
using end plates 12 , the absorbing rods 11 may be individually 
5 inserted into the control rod guide pipes 5 and measuring 
pipes 6. However, when conveying the fuel assembly 1 in 
which the absorbing rods 11 are inserted, it is easier to 
hold the absorbing rods 11 by using the absorbing rod block 
10 . 

10 Fig. 5 is a front view of the fuel rod 4. In Fig. 5, 

plural pellets 31 are inserted into a cylindrical clad pipe 
33 composed of zirconium alloy, and the pellets 31 are held 
by a spring 32 inserted in the upper part of the clad pipe 
33 . This fuel pipe 4 is mainly composed of the spent fuel 

15 assembly as mentioned above. 

The absorbing rod 11 is composed of aluminum composite 
material or aluminum alloy formed by adding powder of boron 
or boron compound having neutron absorbing capability, to 
the powder of aluminum or aluminum alloy, and it is designed 

20 not to reach the criticality from the inside of the spent 
fuel assembly. 

The following material may preferably used as the 
aluminum composite material. In addition to adding the 
powder of boron or boron compound to the aluminum composite 

25 material, third particles of oxides may be added. 



Accordingly, mechanical alloying is performed and the 
strength of the material can be increased. To achieve this, 
powder of aluminum or aluminum alloy as the matrix material, 
boron or boron compound as the neutron absorber, and third 
particles as oxides, nitrates, carbides, borides are mixed 
in the Attriter pan. 

The amount of these third particles should preferably 
be greater than 0.1 weight percent and less than 30 weight 
percent. Such an amount is preferable because, if the amount 
is less than 0 . 1 weight percent, then there is not much effect 
on strengthening the material. On the other hand, if the 
amount is greater than 30 weight percent, then the property 
of the material to expand decreases. Further, it is 
preferable that the diameters of the third particles in the 
aluminum matrix is greater than 0.01 pm and less than 10 um. 
The material having a diameter smaller than 0.01 |im is very 
costly and difficult to acquire. On the other hand, the 
material having a diameter greater than 10 (Jm does not 
contribute much to strengthening the material. 

The amount of boron or boron compound should preferably 
be greater than 1 weight percent and less than 20 weight 
percent. Such an amount is preferable because, if the amount 
is less than 1 weight percent, then it does not absorb the 
neutrons properly. On the other hand, if the amount is 
greater than 20 weight percent, then the property of the 



material to expand decreases. Further, it is preferable 
that the diameters of the boron or boron compound is greater 
than 0.01 Jim and less than 100 \im. The material having a 
diameter smaller than 0.01 um is very costly. On the other 
5 hand, the material having a diameter greater than 100 Jim 
degrades the strength. 

Further, any material having a property to absorb the 
neutrons may be uses instead of boron or boron compound. 
That is, Cd, Hf, or rare earth elements having bigger neutron 

10 absorbing cross section may be used. For example, boron or 
boron compound are used in case of BWR, however, Ag-In-Cd 
compound are used in case of PWR. In the Ag-In-Cd compound, 
it is general that In is 15 weight present and Cd is 5 weight 
present. Further, carbides such as Eu, Sm, Gd may be used. 

15 A1 2 0 3 , Zr0 2 , Si0 2 , MgO, Ti0 2 , Cr 2 0 3 may be used as the 

oxides in the third particles. Si 3 N 4 , BN are the examples 
of nitrates that may be used. SiC, WC , Cr 2 C 3 are the examples 
of carbides, and ZrBr2 is the example of boride that may be 
used. Further, it is not necessary to use only the third 

20 particles mentioned here. Any material may be used 
according to the need. 

Following material may be used as powder of aluminum 
or aluminum alloy. That is, pure aluminum (JIS lxxx) , Al-Cu 
aluminum compound (JIS 2xxx) , Al-Mg aluminum compound (JIS 

25 5xxx) , Al-Mg-Si aluminum compound (JIS 6xxx) , Al-Zn-Mg 



aluminum compound (JIS 7xxx) , Al-Fe aluminum compound (Fe 
content between 1 to 10 weight percent) . Further, Al-Mn 
aluminum compound (JIS 3xxx) also may be used. The material 
to be used may be selected depending upon the required 
5 strength, expansion, processing ability, and temperature 
resistance . 

A powder obtained by the rapid solidification has 
uniform and fine composition. Such a powder may be used in 
as powder of aluminum or aluminum alloy. Known methods such 

10 as unit roll method, double roll method, atomization methods 
such as air atomization or gas atomization may be used to 
obtain rapid solidification powders. It is preferable that 
the particles of the obtained powder of aluminum or aluminum 
alloy has a diameter of between 5 to 150 um. 

15 If the diameter is less than 5 (Jm, then the particles 

come together and form a mass. Further, if the diameter is 
less than 5 um then it is difficult to use the atomization 
methods (it is required to separate the minute powder and 
the coast increases) . On the other hand, if the diameter 

20 is greater than 150 um, then again there is a limitation on 
the use of the atomization method, and it becomes difficult 
to mix the material with the minute addition particles . The 
most preferable diameter is 50 to 120 um. The cooling speed 
should be above 102 degree centigrade per second. Most 

25 preferably, the cooling speed should be above 103 degree 



centigrade per second. 

On the other hand, boron or boron compound has a 
property that it has great capability to absorb fast neutrons . 
B 4 C, B 2 0 3 may be applied in the present invention. Out of 
these two, B 4 C has more boron content per unit weight. 
Therefore , B 4 C can absorb more neutrons with lesser quantity . 
Further, B 4 C has more hardness, and therefore, preferable. 

It is mentioned above that, the third particles are 
oxides, nitrates, carbides, borides. However, the 
particles other than these may be added. For, example, Zr 
or Ti may be added so as to increase the strength. 

The material mixed in the above-mentioned manner and 
amount is subj ected to mechanical alloying in Attriter mill . 
A rotating mill or a vibrating mill may be used instead of 
Attriter mill. When subjected to mechanical alloying, 
aluminum and aluminum compound is crushed by the balls and 
become flat. Further, boron or boron compound and the third 
particles ground to still finer size and they uniformly enter 
into the voids in the aluminum matrix. These flattened 
particles become particles of normal shape containing 
aluminum or aluminum compound and the third particles. 

It is possible to increase the material strength 
greatly because of the addition of the third particles and 
subjecting to mechanical alloying. It was confirmed with 
an experiment that the material formed in this manner has 



about three times higher material strength than the material 
formed using the ordinary mixers (for example, cross-rotary 
mixer or V mixer) . Further, boron or born compound having 
high hardness get dispersed finely and uniformly inside the 
matrix so that the cohesion of boron can be prevented. 
Further, property to squeeze out can be increased greatly. 
Accordingly, dice for squeeze out is not so worn-out due to 
friction . 

Further, when adding the third particles, aluminum or 
aluminum composite powder may be subjected to oxidation 
thereby creating a oxide layer on the surface of these 
particles, finely pulverize this oxide layer due to the 
mechanical alloying so as to cause the particles to disperse 
in the matrix. The oxidation of the aluminum or aluminum 
composite powder may be performed by heating in air. For 
example, aluminum or aluminum composite powder may be put 
into a furnace and agitated while being heated. When this 
process is carried out for a few hours, an oxide layer is 
formed on the surface of aluminum or aluminum compound. 

Thus, the absorbing rods 11 is formed of aluminum 
composite material or aluminum alloy. Accordingly, it is 
light weight, has an ability to shield the neutrons, and the 
distance between the spent fuel assemblies can be decreased. 
In other words, if the same number of the spent fuel 
assemblies are to be used, then the cask becomes light-weight. 



Any material that has the property to absorb the neutrons 
may be used instead of aluminum composite material or 
aluminum alloy. Accordingly, the fuel rod 4 may itself be 
used instead of the absorbing rod 11. 

According to the first embodiment, since the absorbing 
rods 11 having neutron absorbing capability are inserted 
into the control rod guide pipes 5 and measuring pipes 6 of 
spent fuel assemblies, the neutrons can be absorbed by 
effectively utilizing the space in the control rod guide 
pipes 5 and measuring pipes 6, and emission of neutrons from 
the inside of the spent fuel assemblies can be reduced, and 
therefore the spacing distance for subcr iticality between 
spent fuel assemblies can be shortened. Or, by using the 
absorbing rod block 10 bonding plural absorbing rods 11 by 
end plates 12, the absorbing rods 11 can be inserted in batch 
into the control rod guide pipes 5 and measuring pipes 6, 
so that the working efficiency is enhanced. 

A second embodiment is explained below. The second 
embodiment relates to a cask for accommodating the spent fuel 
assemblies in which absorbing rods 11 of the first embodiment 
are inserted, which eliminates the cooling water passage 
provided in the plates of the basket in this cask. 

Fig. 6 is a radial direction sectional view of the cask, 
which is an improvement of the conventional cask for PWR shown 
in Fig. 17. The plate 817 shown in Fig. 17 is high in the 



uranium enrichment factor in the spent fuel assemblies for 
PWR, large in uranium charge amount per unit fuel assembly 
as compared with the fuel for BWR, and wide in the sectional 
area of fuel assembly, and hence the reactivity is high in 
the system arranging them, and therefore in order to absorb 
the neutrons efficiently by moderating the neutrons in 
cooling process, the cooling water passage 816 is filed with 
water as neutron moderator. The spent fuel assemblies in 
which the absorbing rods 11 explained in the first embodiment 
are inserted contain neutron absorbing materials in the 
spent fuel assemblies, and hence the neutrons released 
outside from the spent fuel assemblies are decreased. 

As a result, it is possible to shorten the spacing 
distance for controlling with the subcriticality in cooling 
of spent fuel assemblies, and hence it does not require 
cooling water passage 816 in cooling process . Accordingly, 
the plates 50 for composing the basket 49 of the cask 40 for 
PWR shown in Fig. 6 do not have cooling water passage same 
as in the basket structure for BWR. 

Hence, in the cask 40 for PWR shown in Fig. 6, although 
the capacity volume is same as in the cavity 811 of the cask 
800 for PWR shown in Fig. 17, the thickness of the plates 
50 can be reduced, so that more spent fuel assemblies can 
be accommodated. For example, in the cask 800 shown in Fig. 
17, 19 spent fuel assemblies can be accommodated, whereas 



in the cask 40 shown in Fig. 6, 32 spent fuel assemblies can 
be accommodated. By using the cask 40 in the second 
embodiment, 13 more spent fuel assemblies can be 
accommodated. In other words, the degree of integration of 
spent fuel assemblies can be heightened. 

In the basket of the same shape as shown in Fig. 17, 
when the spent fuel assemblies in the first embodiment are 
accommodated, emission of neutrons is decreased, and hence 
the resin thickness can be reduced. As a result, it is 
possible to reduce the entire size of the cask when 
accommodating the same number of spent fuel assemblies. 

In the second embodiment, the cell 55 is composed by 
combining the plates 50 in lattice form. However, the cell 
may be formed with square pipes. 

Further, when accommodating the spent fuel assemblies 
in the first embodiment, the thickness of the plates for 
composing the basket of the cask can be reduced corresponding 
to the neutron absorbing capability of the absorbing rods 
inserted in the spent fuel assemblies, so that the number 
of spent fuel assemblies accommodated in the cask can be 
increased. Further, it is not necessary to install the 
cooling water passage, which is the feature of the cask for 
PWR, in the plates or square pipes , and plates or square pipes 
of simple structure as in the plates or square pipes for BWR 



A third embodiment is explained below. In the first 
embodiment, by using the absorbing rod block 10 composed of 
plural absorbing rods 11, a plurality of absorbing rods 11 
are inserted in batch to enhance the working efficiency. The 
third embodiment is further intended to insert spent fuel 
assemblies of plural absorbing rods 11 more easily, safely 
and securely. 

Fig. 7 shows the structure of the inserting apparatus 
according to the third embodiment. This inserting apparatus 
comprises an upper end plate 61 coupling the absorbing rod 
11, a lower end plate 62 for guiding the absorbing rod 11, 
and a suspender 64 for moving the upper end plate 61. 

The upper end plate 61 corresponds to the absorbing 
rod block 10. The upper end plate 61 and lower end plate 
62 are suspended by the suspender 63. Fig. 8 is a sectional 
view along line B-B of the lower end plate 62. The lower 
end plate 62 has a guide hole 77 for guiding the absorbing 
rod 11. The guide hole 77 is provided corresponding to the 
position of the control rod guide pipe 5 and measuring pipe 
6. When the upper end plate 61 and lower end plate 62 are 
suspended by the suspender 63, when stopping still or in the 
initial state, the leading end of the absorbing rod 11 must 
be at least inserted into the guide hole 77. The width of 
the upper end plate 61 and lower end plate 62 in the horizontal 
direction must be wide enough for allowing to be inserted 



p 



from the upper opening of the upper nozzle 2, and the width 
is required to be at least enough for forming the guide hole 
77 of the control rod guide pipe 5 and measuring pipe 6. 

A suspension hole 78 is provided almost in the center 
of the upper end plate 61. The inner wall of the suspension 
hole 78 has a dent 70 for hooking the claw 69 of the clamping 
tool 65 mentioned below . The clamping tool 65 rotates freely 
about the fulcrum 68 provided in a flat suspension plate 60 
corresponding to the upper end plate 61, and it is provided 
in the upper part of the clamping tool 65, and the claw 69 
• rovided in the lower pat of the clamping tool 65 is always 
opened by a tension spring 66 for pulling the upper pat of 
the clamping tool 65 mutually, so that the upper end plate 
61 is- held. When canceling holding of the upper end plate 
61, that is, when separating the upper end plate 61 and lower 
end plate 62 from the suspension portion 64, the upper part 
of the clamping tool 65 is pushed open by overcoming the 
tensile force of the tension spring 66, by means of an air 
cylinder 67 for connecting the upper part of the clamping 
tool 65 mutually. As a result, the clamp 69 is released from 
the dent 70, and separated through a suspension hole 78 from 
each other. 

The suspension plate 60 and load cell 81 are suspended 
through a rope 84, and further the load cell 81 is suspended 
a hook 82 through a rope 83 while detecting the suspended 



on 



load, and this hook 82 is connected to a hoist not shown in 
the drawing. The hoist moves the entire suspension portion 
64, in particular, moves vertically, and can move the upper 
end plate 61 and lower end plate 62 coupled together through 
5 the clamping tool 65 simultaneously. 

On the suspension plate 60 , an optical fiber 71 is wound 
through a take-up unit 73 corresponding to the vertical 
motion of the lower end plate 62. The optical fiber 71 
penetrates the through-hole 76 of the suspension plate 60 

10 and through-hole 75 of the upper end plate61, and extends 
up to an imaging hole 94 of the lower end plate 62. At the 
leading end of the optical fiber 71, there is a lens 72 of 
the optical fiber 71, and the lens 72 is directed downward 
through the imaging hole 94. A weight 91 is provided at the 

15 leading end of the optical fiber 71, and the lens 72 of the 
optical fiber 71 is pressed, so that the image may be stably 
taken. The other end of the optical fiber 71 is connected 
to the imaging unit not shown through the take-up unit 73, 
and the image near the lens 72 is taken by the camera or the 

20 like. 

The suspension plate 60 further has a detector 92 
having a protrusion in the lower part . On the lower end plate 
62 corresponding to this detector 92 , a detecting protrusion 
93 is formed, and this detecting protrusion 93 may abut 
25 against the lower protrusion of the detector 92 by way of 



the through-hole 7 4 of the upper end plate 61. When this 
detecting protrusion 93 and the lower protrusion of the 
detector 92 abut against each other, the absorbing rod 11 
is completely inserted into the control rod guide pipe 5 and 
measuring pipe 6. This abutting is detected by the detector 
92, and the result of detection is issued to a detector not 
shown in the drawing. 

Referring further to Fig. 9 to Fig. 11, the inserting 
operation of the absorbing rod 11 by the inserting apparatus 
is explained. The state shown in Fig. 7 is an initial state 
of insertion, and the upper end plate 61 is coupled to the 
suspension portion 64, and the suspender 63 is extended to 
the full extent. In this state, the relative configuration 
of the position of the lower end plate 62 and the position 
of the upper nozzle 2 is detected through the lens 72 of the 
optical fiber 71. This relative configuration is detected 
by image processing, and it is determined whether the 
relative position deviation is less than a specified value 
or not, for example, by pattern matching, and when less than 
the specified value, it is judged that the lower end plate 
62 and upper nozzle 2 are matched in position, that is, the 
guide hole 77 of the lower end plate 62 and the control rod 
guide pipe 5 of the upper nozzle 2 are matched in relative 
configuration . 

More specifically, as shown in Fig. 9A, a reference 



image without deviation in relative position is obtained. 
If the lower end plate 62 is deviated in position to upper 
right direction in the drawing, as shown in Fig. 9B, the 
passage 21 and control rod guide pipe 5 are positioned at 
5 the lower right corner in the drawing, and the region of a 
nozzle casing 100 at the upper end of the wall of the upper 
nozzle 2 is wider. On the other hand, when the lower end 
plate 62 is deviated to the lower right position in the 
drawing, as shown in Fig. 9C, the passage 21 and the control 

10 rod guide pipe 5 are positioned at the upper right corner 
in the drawing, so that the region of the nozzle casing 100 
is smaller. Therefore, the position deviation of the lower 
end plate 62 , that is , the position deviation of the absorbing 
rod 11 can be detected by matching the patterns of the image 

15 shown in Fig. 9B and Fig. 9C and the reference image shown 
in Fig. 9A. This position deviation information is 
transmitted to the operator handling the hoist, and this 
operator handles so as to eliminate the position deviation 
by manipulating the hoist on the basis of this information 

20 of position deviation. 

When correction of position deviation is over, the 
operator lowers the hoist, and also lowers the upper end plate 
61, thereby lowering the absorbing rod 11, so that the 
absorbing rod 11 is inserted into the control rod guide pipe 

25 5 and measuring pipe 6 through the guide hole 77. In this 



case, the lower end plate 62 is mounted on the inner upper 
side of the upper nozzle 2 at a position free from deviation 
of position. 

When insertion of absorbing rod 11 into the control 
rod guide pipe 5 and others is over, the protrusion of the 
detector 92 and the detecting protrusion 93 abut against each 
other, and the result of detection is issued to the detector 
not shown. On the basis of this result of detection, the 
operator manipulates to extend the air cylinder 67, and 
eliminate hooking of the claw 69. Then, the operator lifts 
the hoist, and separates the upper end plate 61 from the 
suspension portion 64. Whether separated actually or not 
can be checked by the load cell 81. 

As a result, as shown in Fig. 11, the absorbing rod 
11 is inserted into the control rod guide pipe 5 and others, 
and the upper end plate 61 holding the absorbing rod 11 and 
the lower end plate 62 guiding the absorbing rod 11 settle 
within the upper nozzle 2, thereby not exceeding the shape 
of the upper nozzle 2. Therefore, these spent fuel 
assemblies are in the same shape as the spent fuel assemblies 
in which the absorbing rods 11 are not inserted. 

Incidentally, the abutting of the detector 92 and 
detecting protrusion 93 can be detected by magnetic or 
electric means. Alternatively, using an optical detector 
as the detector 92, the distance can be measured by optical 



means, and it may be judged that the insertion is complete 
when the distance becomes shorter than a specified value. 

By forming the upper end plate 61 and lower end plate 
62 by a material having a neutron absorbing capability such 
5 as B-Al material, same as the absorbing rods 11, it is 
possible to reduce the thickness of the resin in the lid 
direction in the case of a wet cask for storing in a state 
immersed in water. 

According to the third embodiment, by detecting the 

10 relative position deviation of the absorbing rods and 
control rod guide pipes 5 and others by using the inserting 
apparatus, the positions are corrected approximately, and 
the relative positions of the absorbing rods and control rod 
guide pipes 5 and others are matched, and further by using 

15 the tape shape of the lading end of the absorbing rods, the 
absorbing rods can be securely and easily inserted into the 
control rod guide pipes 5. Also by detecting the completion 
of insertion, safety in insertion can be assured. 

A forth embodiment is explained below. In the second 

20 embodiment, it is intended to store the spent fuel assemblies 
in the first embodiment into the cask. However, the forth 
embodiment specifies the method of storing spent fuel 
assemblies in the storage pool. 

Fig. 12 is a schematic diagram showing configuration 

25 when storing fuel assemblies 101 as spent fuel assemblies 



in a pool 102. As shown in Fig. 12, the fuel assembly 101 
in which the absorbing rod 11 shown in the first embodiment 
is inserted is stored in a rack cell in a rack 104 arranged 
in the pool 102 filled with water 103. Herein, the fuels 
5 are stored in the pool 103 while' mutually keeping a safe 
spacing distance d for assuring the subcriticality of the 
fuels, but sine the absorbing rods 11 having neutron 
absorbing capability are inserted in the fuel assemblies 101 , 
the spacing distance d may shorter than the spacing distance 

10' d when the absorbing rods 11 are not inserted. 

Therefore, according to the forth embodiment, the fuel 
assemblies 101 can be arranged at high density, and the number 
of fuel assemblies 101 to be stored is increased, or the size 
of the pool 102 can be reduced. 

15 In the first to forth embodiments, spent fuel 

assemblies for PWR of 14 x 14 are shown as examples, but not 
limited to this example, it is evident to be applicable 
similarly in other spent fuel assembles for PWR, such as 17 
x 17 or 15 x 15 arrangement as shown in Fig. 16. 

20 As described herein, according to the absorbing rod 

of one aspect of the present invention, using the absorbing 
rod having a nearly same shape as the shape of a columnar 
control rod for PWR used in reactivity control of core in 
a reactor, and having a neutron shielding capability, this 

25 absorbing rod is inserted into the control rod guide pipe 



of spent fuel assemblies or the control rod guide pipe 
including the measuring pipe, and therefore the neutrons can 
be shielded effectively in the spent fuel assemblies. 

According to the absorbing rod of another aspect of 
5 the present invention, it is made of aluminum composite 
material or aluminum alloy formed by adding powder of boron 
or boron compound having a neutron absorbing performance to 
aluminum or aluminum alloy powder. Since the absorbing rod 
is made of such material, it does not get damaged by minor 

10 shocks during transportation. As a consequence, it is 
possible to maintain the neutron absorbing ability even 
during transport. For example, it is much safer and 
therefore preferable than an absorbing rod having a 
structure in which boron powder is filled inside a pipe. 

15 According to the cask of still another aspect of the 

present invention, by inserting the absorbing rod group 
having a nearly same shape as the shape of a columnar control 
rod for PWR used in reactivity control of core in a reactor, 
and having a neutron shielding capability into the control 

20 rod guide pipe of spent fuel assemblies or the control rod 
guide pipe group including the measuring pipe, and putting 
the spent fuel assemblies into the cask, the number of 
neutrons radiated outside from the spent fuel assemblies can 
be decreased, so that the spacing distance among spent fuel 

25 assemblies can be shortened, and therefore it is effective 



to increase the number of spent fuel assemblies to be 
accommodated in the cavity of the shell main body having the 
neutron shield on the outer circumference and shielding the 
gamma-rays, or in the same number of containers as in the 
5 prior art, the cavity shape of the shell main body may be 
reduced or the thickness of the neutron shield on the outer 
circumference can be reduced, thereby reducing the overall 
size of the cask. 

According to the cask of still another aspect of the 

10 present invention, when the control rods for PWR are 
recovered, the absorbing rod is used as the control rod for 
PWR, and the control rods are kept inserted in the spent fuel 
assemblies, and therefore the recovered control rods can be 
utilized effectively. 

15 Further, since the eguivalent thickness corresponding 

to the neutron absorbing capability or neutron moderating 
capability of the plates or square pipes for composing the 
basket for holding the spent fuel assemblies for PWR in the 
cask, of the portion corresponding to the sectional area of 

20 the absorbing rod inserted in the spent fuel assemblies for 
PWR, is reduced for the portion of the equivalent sectional 
area corresponding to the neutron absorbing capability or 
neutron moderating capability of the absorbing rod inserted 
in the spent fuel assemblies for PWR, thereby forming in a 

25 basket shape, the water zones provided in the basket for PWR 



high in uranium enrichment factor, in particular, can be 
further reduced in height, or the basket may be formed even 
by eliminating the water zones, and therefore the shape of 
the basket for PWR high in uranium enrichment factor may be 
5 formed same as a simple shape of basket for BWR, and the 
efficiency of basket production can be enhanced. 

Further, since the absorbing rod and basket are 
composed of an Al composite material or an Al alloy formed 
by adding powder of B or B compound having a neutron absorbing 

10 performance to Al or Al alloy powder, neutrons are absorbed 
in side and around the spent fuel assemblies, and therefore, 
aside from efficient neutron absorption in and around the 
spent fuel assemblies, since the absorbing rods are inserted 
in the fuel assemblies, the required performance in strength 

15 is lower, so that the weight reduction can be promoted. 

According to the inserting apparatus of still another 
aspect of the present invention, the relative positions of 
the through-hole group of the guide member and the control 
rod guide pipe group of the spent fuel assemblies are adj usted 

20 on the basis of the result of detection by the position 
detection unit, and the absorbing rod block is lowered so 
that the through-hole group acts as a guide hole, and the 
long absorbing rod group can be inserted securely into the 
control rod guide pipe or the control rod guide pipe including 

25 the measuring pipe, and therefore the absorbing rods can be 



inserted into the control rod guide pipes and others easily 
and securely, so that the efficiency of inserting job can 
be enhanced. 

Further, the distance detection unit detects when the 
distance between the suspender and the fixing member comes 
within a specific distance, and it is known that the absorbing 
rod group is securely inserted into the control rod guide 
pipe, so that dropping of absorbing rod group in the midst 
of insertion is prevented, and therefore the efficiency of 
inserting job can be enhanced, and the end of series of 
inserting j ob can be detected securely , so that the inserting 
job can be done safely. 

According to the conveying and storing method of still 
another aspect of the present invention, at the inserting 
step, by inserting an absorbing rod group having a nearly 
same shape as the shape of a columnar control rod for PWR 
used in reactivity control of core in a reactor, and having 
a neutron shielding capability, into a control rod guide pipe 
group including a measuring pipe of spent fuel assemblies 
for PWR, and at the conveying and storing step, by conveying 
and storing the spent fuel assemblies for PWR in a state in 
which the absorbing rod group is inserted, the spacing 
distance between spent fuel assemblies can be shortened, and 
therefore the density of the spent fuel assemblies for PWR 
when conveying or storing the spent fuel assemblies for PWR 



can be enhanced, and efficient conveying or storing may be 
possible . 

Further,, when the control rods for PWR are recovered, 
the absorbing rod is used as the control rod for PWR, and 
5 the control rods are kept inserted in the spent fuel 
assemblies, and therefore the recovered control rods can be 
utilized effectively. 

Although the invention has been described with respect 
to a specific embodiment for a complete and clear disclosure, 
10 the appended claims are not to be thus limited but are to 
be construed as embodying all modifications and alternative 
constructions that may occur to one skilled in the art which 
fairly fall within the basic teaching herein set forth. 
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WHAT IS CLAIMED IS : 

1 . An absorbing rod having a nearly the same shape as the 
shape of a columnar control rod for PWR used in reactivity 
control of core in a reactor, and having a neutron shielding 

5 capability. 

2. The absorbing rod according to claim 1, further 
comprising a fixing member for fixing said absorbing rod at 
a position corresponding to a control rod guide pipe of spent 

10 fuel assemblies for PWR or a sectional position of the control 
rod guide pipe including a measuring pipe. 

3. The absorbing rod according to claim 1, wherein said 
absorbing rod is composed of aluminum composite material or 

15 aluminum alloy formed by adding powder of boron or boron 
compound having a neutron absorbing performance to aluminum 
or aluminum alloy powder. 

4. An absorbing rod which is to be inserted into a control 
20 rod guide pipe of spent fuel assemblies or a measuring pipe, 

wherein 

said absorbing rod is composed of aluminum composite 
material or aluminum alloy formed by adding powder of boron 
or boron compound having a neutron absorbing performance to 
25 aluminum or aluminum alloy powder, and 



said absorbing rod is used, when transporting the spent 
fuel assemblies by storing into a cask, by inserting said 
absorbing rod into said control rod guide pipe or said 
measuring pipe. 

5 

5. A cask comprising: 

an absorbing rod group, to be inserted into a control 
rod guide pipe group including a control rod guide pipe or 
a measuring pipe of spent fuel assemblies for PWR, having 
10 a nearly same shape as the shape of a columnar control rod 
for PWR used in reactivity control of core in a reactor, and 
having a neutron shielding capability; 

spent fuel assemblies for PWR having a control rod 
guide pipe in which said absorbing rod group is inserted or 
15 a control rod guide pipe group including a measuring pipe; 

a basket forming a lattice cell for accommodating the 
spent fuel assemblies for PWR in which said absorbing rod 
group is inserted; 

a shell main body accommodated in said basket, and 
20 having a neutron shield on the outer circumference, for 
shielding gamma-rays; and 

a detachable lid provided in an opening of said shell 
main body for putting the spent fuel assemblies for PWR in 
which said absorbing rod group is inserted, in and out of 
25 said lattice cell. 



6. The cask according to claim 5, wherein said absorbing 
rod is a control rod for PWR. 

7. The cask according to claim 5, wherein the equivalent 
5 thickness corresponding to the neutron absorbing capability 

or neutron moderating capability of the plates or square 
pipes for composing the basket for holding the spent fuel 
assemblies for PWR in the cask, of the portion corresponding 
to the sectional area of the absorbing rod inserted in the 
10 spent fuel assemblies for PWR, is reduced for the portion 
of the equivalent sectional area corresponding to the 
neutron absorbing capability or neutron moderating 
capability of the absorbing rod inserted in the spent fuel 
assemblies for PWR . 

15 

8. The cask according to claim 5, wherein said absorbing 
rod is composed of aluminum composite material or an aluminum 
alloy formed by adding powder of boron or born compound having 
a neutron absorbing performance to aluminum or aluminum 

20 alloy powder. 

9. An inserting apparatus comprising: 

an absorbing bar element having a nearly same shape 
as the shape of a columnar control rod for PWR used in 
25 reactivity control of core, at a position corresponding to 

38 



a control rod guide pipe of spent fuel assemblies for PWR 
or a sectional position of the control rod guide pipe 
including a measuring pipe, capable of inserting the fixing 
member into an upper nozzle through the upper nozzle opening 
of the spent fuel assemblies for PWR, by fixing the absorbing 
rod group having a neutron shielding capability by means of 
the fixing member; 

a guide member which can be inserted into the upper 
nozzle through the upper nozzle opening of the spent fuel 
assemblies for PWR, having a through-hole for inserting said 
absorbing rod group into the control rod guide pipe or a 
position corresponding to the sectional position of the 
control rod guide pipe including the measuring pipe, so as 
to be suspended on said fixing member in a state of the leading 
end of the absorbing rod group being inserted into the 
through-hole when standing still ; 

a suspender detachably suspending the fixing member 
of said absorbing rod block and moving the absorbing rod 
block vertically when mounting, and 

a position detection unit provided in said guide member 
which detects the relative configuration of the location of 
the through-hole group provided in the guide member and the 
location of the corresponding control rod guide pipe group 
of the spent fuel assemblies for PWR, 

wherein the relative positions of the through-hole 



group and control rod guide pipe group are adjusted on the 
basis of the result of detection by said position detection 
unit, and the absorbing rod group is lowered to insert the 
absorbing rod group into the control rod guide pipe or the 
5 control rod guide pipe including the measuring pipe. 

10. The inserting apparatus according to claim 9, further 
comprising a distance detection unit which detects whether 
the distance between the suspender and the fixing member is 
10 within a specific range or not. 

11 . A conveying and storing method of spent fuel assemblies 
comprising : 

a step of inserting an absorbing rod group having a 
15 nearly same shape as the shape of a columnar control rod for 
PWR used in reactivity control of core in a reactor, and 
having a neutron shielding capability, into a control rod 
guide pipe group including a measuring pipe of spent fuel 
assemblies for PWR; and 
20 a step of conveying and storing the spent fuel 

assemblies for PWR in a state in which said absorbing rod 
group is inserted. 

25 
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12 . The conveying and storing method of spent fuel 
assemblies according to claim 11, wherein said absorbing rod 
is a control rod for PWR. 
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ABSTRACT OF THE DISCLOSURE 

The absorbing rods have a nearly the same shape as the 
shape of columnar control rods for PWR used in reactivity 
control of core in a reactor. The absorbing rods can shield 
5 neutrons, and are inserted in control rod guide pipes and 
measuring pipes in fuel assemblies. 
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MSF-V developed by MITSUBISHI HEAVY INDUSTRIES, LTD. 

This paper deals with the spent-fuel storage container, 

MSF-V. 

(1) Fig. 1 shows a bird's-eye view of storage container. 
Table 1 shows the design specification. 

(2) The storage container is designed to store 21 highly- 
burnup spent-fuel rods for PWR or 52 rods for BWR. Further 
increase in number of storage rods is possible as the number 
of cooling years is increased. 

(3) The storage container consists of the body, lid, basket, 
etc. in the structure described below. 

I . Body 

The body comprises the multi-layer-drum, upper flange, 
bottom plate, etc. The drum is composed of the structural 
materials, namely, the inner cylinder, intermediate drum and 
outer cylinder, as well as the lead material that shields gamma 
rays and high-polymer material with polonium that shields 



neutron. The sealing boundary of the storage container is 
formed by the inner cylinder, bottom plate, and primary lid 
that is described later. 

The structural materials are made from stainless steel 
5 or carbon steel. The outer cylindrical surface has no 
heat-radiation fins . Additionally, internal heat-conduction 
fins (that provide direct heat transmission between the 
intermediate drum and outer cylinder) are buried into the 
neutron shield material for improved heat-conductivity. 

10 

II. Lid 

The lid comprises the primary lid and the secondary lid, 
which are bolted to the body, respectively. Each of those lids 
is provided with the metallic O-ring and elastomer 0-ring as 
15 a gasket set. When a storage container is used for storing 
spent fuel, the space between the primary lid and the secondary 
lid is pressurized with an inert gas, such as helium or the 
like , and gas pressure is always monitored with a pressure gauge 
attached to the lid. 

20 

III. Basket 

The basket for PWR is composed of the cells (that receive 
spent-fuel rods) , made of stainless steel holding polonium 
component, and the copper plates that radiate heat. For 
25 neutron absorption material, aluminum alloy containing 



polonium may also be used. 



Fig. 1 Structure of MSF-V type storage container 
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Lower buffer 




2 . 


Lower trunnion 
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Heat-radiation fins 
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Outer cylinder 




5. 


Neutron shield 
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6. 


Intermediate drum 




7 . 


Y~ rays shield 
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Inner cylinder 




9 . 


Fuel assembly (PWR) 
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Upper trunnion 
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11 . 


Basket 
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Primary lid 
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Secondary lid 
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Upper buffer 
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Declaration and Power of Attorney For Patent Application 
Japanese Language Declaration 



As a below named inventor, I hereby declare that: 



U.<V&Pft. i&mm. B^t &Tsi?)%L<DZz : S<0'&izRm.$ iifcM My residence, post office address and citizenship are as stated 



next to my name. 

I believe I am the original, first and sole inventor (if only one 
name is listed below) or an original, first and joint inventor (if 
plural names are listed below) of the subject matter which is 
claimed and for which a patent is sought on the invention 
entitled. 



□ m b tests s^, ^mmmm^-^tz^n^mm^ 

(ssrsw-s) {cariE$JtSLfc. 



AN ABSORBING ROD. AN APPARATUS FOR 
INSERTING THE ABSORBING ROD . A CASK. AND 

A METHOD OF STORING SPENT FUET, 

ASSEMBLIES 



the specification of which 



is attached hereto, 
was filed on 



as United States Application Number or 
PCT International Application Number 

and was amended on 

(if applicable). 

I hereby state that I have reviewed and understand the 
contents of the above identified specification, including the 
claims, as amended by any amendment referred to above. 

I acknowledge the duty to disclose information which is material 
to patentability as defined in Title 37, Code of Federal 
Regulations, Section 1.56. 
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Japanese Language Declaration 



ftli. *H'ffi*)fl35JI119* (a) - (d) SX«i365^ (b) 



Prior Foreign Application(s) 

1 1 -31 1 71 3 
(Number) 

(*^) 

(Number) 



Japan 



(Country) 

(H«) 



(Country) 



£n&(i < £35S#ai£*119& (e) Mizm^^XTK^m^ff 



(Application No.) 



(Filing Date) 
(ffllHB) 



y &«±, Tie©*ffla^^35S120*lcac5^TTK©*H^W 
35* (c) ica-^<«^y^CCfc±51LSt-o *&mM 
SS5*L^77«6-Cftfif-r4*H«pS : it5IBc5H*$H-Ci.»4:i»IE 



(Application No.) 



(Filing Date 
(itiJHB) 



(Filing Date) 
(iiJHB) 



Page 



I hereby claim foreign priority under Title 35, United States Code, 
Section 1 1 9 (a)-(d) or 365(b) of any foreign application(s) for patent 
or inventor's certificate, or Section 365(a) of any PCT International 
application which designated at least one country other than the 
United States, listed below and have also identified below, by 
checking the box, any foreign application for patent or inventor's 
certificate, or PCT International application having a filing date 
before that of the application on which priority is claimed. 

Priority Claimed 



1 /November/ 1 999 
(Day/Month/Year Filed) 

(ftSI^HB) 



(Day/Month/Year Filed) 

(tilil^B) 



0 
Yes 

□ 

Yes 



□ 



I hereby claim the benefit under Title 35, United States Code, 
Section 1 1 9(e) of any United States provisional application(s) listed 
below. 



(Application No.) 



(Filing Date) 
(iiSKB) 



I hereby claim the benefit under Title 35, United States Code, Section 
1 20 of any United States application(s), or Section 365(c) of any PCT 
International application designating the United States, listed below 
and, insofar as the subject matter of each of the claims of this 
application is not disclosed in the prior United States or PCT 
International application in the manner provided by the first paragraph 
of Title 35, United States Code Section 1 12, I acknowledge the duty 
to disclose information which is material to patentability as defined in 
Title 37, Code of Federal Regulations, Section 1 .56 which became 
available between the filing date of the prior application and the 
national or PCT International filing date of application. 

(Status: Patented, Pending, Abandoned) 

(Status: Patented, Pending, Abandoned) 

I hereby declare that all statements made herein of my own 
knowledge are true and that all statements made on information 
and belief are believed to be true; and further that these statements 
were made with the knowledge that willful false statements and the 
like so made are punishable by fine or imprisonment, or both, under 
Section 1001 of Title 18 of the United States Code and that such 
willful false statements may jeopardize the validity of the application 
or any patent issued thereon. 
2of t 



Japanese Language Declaration 



POWER OF ATTORNEY: As a named inventor, I hereby appoint 
the following attorney(s) and/or agent(s) to prosecute this 
application and transact all business in the Patent and Trademark 
Office connected therewith: (list name and registration number) 



Norman F. Obion, Reg. No. 24,618; Marvin J. Spivak, Reg. No. 24,913; C. irvin McClelland, Reg. No. 21,124; Gregory J. Maier, Reg. No. 
25,599; Arthur I. Neustadt, Reg. No. 24,854; Richard D. Kelly, Reg. No. 27,757; James D. Hamilton, Reg. No. 28,421 ; Eckhard H. Kuesters, 
Reg. No. 28,870; Robert T. Pous, Reg. No. 29,099; Charles L. Gholz, Reg. No. 26,395, William E. Beaumont, Reg. No. 30,996; Jean-Paul 
Lavalleye, Reg. No. 31,451; Stephen G. Baxter, Reg. No. 32,884; Richard L. Treanor, Reg. No. 36,379; Steven R Weihrouch, Reg. No 
32,829; John T. Goolkasian, Reg. No. 26,142; Richard L. Chinn, Reg. No. 34,305; Steven E. Lipman, Reg. No. 30,01 1 ; Carl E. Schlier, Reg. 
No. 34,426; James J. Kulbaski, Reg. No. 34,848; Richard A. Neifeld, Reg. No. 35,299; J. Derek Mason, Reg. No. 35,270; Sunnder Sachar, 
Reg. No. 34,423; Christina M. Gadiano, Reg. No. 37,628; Jeffrey B. Mclntyre, Reg. No. 36,367, William T. Enos, Reg. No. 33,128; Michael E. 
McCabe, Jr., Reg. No. 37,182; Bradley D. Lytle, Reg. No. 40,073; and Michael R. Casey, Reg. No. 40,294, with full powers of substitution and 



IHSU^fT^c Send Correspondence to: 

oblon. spivak. McClelland, maier & neustadt, p.c. 
fourth floor 
1755 jefferson davis highway 
arlington, virginia 22202 u.sa 



WS&WMM&Vz : (^Wi&lFMsS^^) Direct Telephone Calls to: (name and telephone number) 

(703) 413-3000 





Fuli name of sole or first joint inventor 
Kiichiro SAKASHITA 




Inventor's signature Date 
KnciviVo Sfi-UsL^to^ Oct. 5, 2 000 


COT 


Residence 

Hyogo, Japan 


mm 


Citizenship 

Japanese 




Post Office Address 


-do KOBE Shipyard & Machinery Works, MITSUBISHI HEAVY INDUSTRIES, LTD. 
1-1, Wadasaki-cho, 1-chome, Hyogo-ku, Kobe, Hyogo-ken 652-8585 Japan 




Full name of second joint inventor, if any 
Tomohiro ITOH 


n-<D#m&mt<Dm% arc 


Second joint Inventor's signature Date 
7o-md^u> J&> Oct. 5, 2000 


&m 


Residence 

Hyogo, Japan 


mm 


Citizenship 

Japanese 




Post Office Address 


-do TAKASAGO Research & Development Center, MITSUBISHI HEAVY INDUSTRIES, LTD. 
1-1, Arai-cho Shinhama 2-chome, Takasago, Hyogo-ken 676-8686 Japan 



(S=Ji^©^fSJS#!#{COi>-C 4)I^^CIS1KL. W-^&TZ Zt) (Supply similar information and signature for third and subsequent 

joint inventors.) 
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Japanese Language Declaration 








Full name of third ioint inventor, if any 
Katsunari OHSONO 








Btt 


Third joint Inventor's signature Date 
A^l>^ ° ct - 5 < 2000 








Res&nce Hyr^T Japan 






mm 


Citizenship Japanese 








Post Office Address 

-c/o KOBE Shipyard & Machinery Works, MITSUBISHI HEAVY INDUSTRIES, LTD. 
1-1, Wadasaki-cho, 1-chome, Hyogo-ku, Kobe, Hyogo-ken 652-8585 Japan 














Full name of fourth ioint inventor, if any 
Suguru HODE 








Bft 


Fourth ioint Inventor's signature Date 
<s> /7.^« — — ■ 0c t. 5, 2000 








Residence H yogo, Japan 






mm 


Citizenship 

Japanese 








Post Office Address 

-c/o KOBE Shipyard & Machinery Works, MITSUBISHI HEAVY INDUSTRIES, LTD. 
1-1, Wadasaki-cho, 1-chome, Hyogo-ku, Kobe, Hyogo-ken 652-8585 Japan 














Full name of fifth joint inventor, if any 








Btt 


Fifth joint inventor's signature Date 






®m 


Residence 






mm 


Citizenship 








Post Office Address 






















Full name of sixth joint inventor, if any 










Sixth joint Inventor's signature Date 






&m 


Residence 






mm 


Citizenship 








Post Office Address 
















(Supply similar information and signature for third and sub- 
sequent pint inventors.) 
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